Trichothecenes are a group of biologically active sesquiterpenoids produced by various genera of fungi and have a cytotoxic effect on eucaryotic cells. Some trichothecenes, such as nivalenol and deoxynivalenol, are detected in agricultural commodities as contaminants (1, 5, 8, 9, 11, (13) (14) (15) (16) . Trichothecin (TCN) is a member of this group of compounds and was isolated as an antifungal agent from a culture of Trichothecium roseum Link (3). The name trichothecene was derived from the name of this compound because TCN was the first naturally occurring trichothecene isolated (6) .
In 1983 the weather in Hokkaido, Japan, in the fall was cool, and much precipitation was recorded. The wheat in fields in Hokkaido was heavily infected with fungi. We obtained poor-quality wheat samples of the 1983 crop; a high frequency of T. roseum was isolated from them. This prompted us to examine the presence of TCN in the samples. In addition, the production of TCN by isolates of T. roseum from the wheat samples was also examined.
MATERIALS AND METHODS Chemicals. Standard TCN was donated by Central Research Div., Takeda Chemical Industries, Ltd., Osaka, Japan. Reagent-grade solvents acetone, acetonitrile, benzene, and n-hexane and 5a-cholestane were purchased from Wako Pure Chemicals, Osaka, Japan. Precoated thin-layer chromatography plates (Kieselgel 60, no. 5721) were products of E. Merck AG, Darmstadt, Federal Republic of Germany.
Isolation of fungi. The surfaces of 50 kernels from each wheat sample were sterilized by immersing the kernels in 1% sodium hypochlorite for 1 min and were washed four times with sterilized water. Five grains per dish were placed on potato-glucose agar containing chloramphenicol (100 ,ug/ml) and, after incubation for 4 to 7 days at 25°C, fungi grown out from the grains were isolated.
Toxin analysis. A sample (20 g) was partially powdered in a Waring blender for 5 min, and then 80 ml of acetonitrilewater (3:1) was added and extracted for 20 min with blending. The mixture was filtered through filter paper, 40 ml of the filtrate was extracted twice with 20 ml of n-hexane, and the aqueous acetonitrile layer was evaporated to dryness. The clean up was performed by preparative thin-layer chromatography. An amount of extract equivalent to a 0.5-g wheat sample was applied to a silica gel thin-layer chromatography plate (Kieselgel G 60, 20 by 20 cm), and standard TCN was spotted on both sides of the plate. The plates were * Corresponding author.
developed with a solvent system of benzene-acetone (10:1), and the standard was visualized by charring with 20% sulfuric acid. The portion of silica gel coresponding to standard TCN was scraped from the plates and eluted with acetone. The eluates were evaporated to dryness, and 4 ,ug of 5a-cholestane was added as an internal standard. The extracts were dissolved in acetone and subjected to gas chromatography-mass spectrometry.
Gas chromatography-mass spectrometry was performed with a model M80 double-focusing gas chromatograph-mass spectrometer (Hitachi Ltd., Tokyo, Japan). A glass column (0.2 by 150 cm) packed with 2% OV-17 coated on 80/100 mesh Uniport HP (Gasukuro Kogyo Inc., Tokyo, Japan) was used. The column temperature was programmed from 220 to 280°C at 5°C/min, and the flow rate of the carrier gas (helium) was 40 ml/min. The temperatures of the injection port, separator, and ion source were 300, 250, and 150°C, respectively. The mass spectral data were obtained in the electronimpact mode with an ionization voltage of 20 eV, and the scanning interval was 5 s.
For the quantitation of TCN, mass chromatograms for ions at mlz 246, 203, 175 for TCN and m/z 372 for the internal standard were constituted from the mass spectra obtained by repeated scanning. The amounts of TCN were determined from the ratios of the peak height of mlz 246 (retention time [R,], 5.7 min) to that of mlz 372 (R,, 7.1 min) by using a calibration curve obtained by injection of standard TCN and the internal standard. Toxin production. Wheat (100 g) in 500-ml Erlenmeyer flasks was autoclaved for 20 min at 120°C, and 30 ml of sterilized water was added after cooling. Ten strains of T. roseum isolated from six wheat samples were inoculated and grown for 3 weeks at 25°C. The cultures were dried at 60°C for 20 h.
RESULTS AND DISCUSSION
Thirteen wheat samples from the 1983 crop in Hokkaido, Japan, were subjected to isolation and identification of fungi.
High frequencies of Alternaria-, Epicoccum-, and Trichothecium-infected kernels were observed in these samples ( Table  1) . As for the Trichothecium species, the infection rate ranged from 10 to 96%, and all the isolates were identified as T. roseum Link, in accordance with the description by Refai and Cooke (10 Alternaria  44  52  50  38  58  62  72  94  36  52  58  76  74   Cladosporium  8  4  4   2  24  12  20  28  50  6  10  8  20  Drechslera  0  0  0  0  2  0  0  2  0  0  0  0  0  Epicoccum  46  38  38  84  66  42  64  46  68  64  46  28  18  Fusarium  6  16  4  4  2  2  2  6  4  8  4  12  16  Gerlachia  16  26  0  0  16  12  16  22  18  4  2  0  0  Mucor  0  0  0  0  0  0  0  0  2  2  0  2  2  Penicillium  0  20  4  0  8  12  0  16  0  30  26  66  74  Trichotheciumb  16  44  96  62  10  82  66  40  54  48  54  62  46  Rhizopus  0  0  0  2  0  0  0  0  0  6  4  0  0 a Fifty kernels from each sample were examined. The data are expressed as percentages of positive kernels of each genus.
b All the isolates were T. roseum Link.
standard TCN. The mass spectrum obtained at an R, of 5.7
min was identical to that of authentic TCN (Fig. 1) . The levels of TCN determined from the mass chromatograms were 270, 290, and 560 ng/g for samples 3, 6, and 10, respectively. The detection limit of the analysis for TCN used in this study is 100 ng/g. Therefore, it is possible that lesser amounts of TCN were present in the negative samples.
To our knowledge, this is the first report of the natural occurrence of TCN in wheat. On the other hand, the presence of TCN in anise fruits (4), apples (9) , and pears (9) has been reported. As for the lethal toxicity of TCN, 50% lethal doses have not been reported. However, subcutaneous administration in rats and intravenous administration in mice at a dose of 250 mg/kg were lethal (2) . Although the levels of TCN in the wheat were low, it is not clear whether the contaminated wheat is hazardous because the chronic effects of TCN have not been clarified.
To examine the production of TCN by isolates of T. roseum from the wheat samples, we grew 10 isolates from six different samples on wheat and analyzed the moldy wheat samples. All the isolates of T. roseum produced TCN on wheat at levels ranging from 3.7 to 32.1 jxg/g ( 12.4 ers, in addition to nonproducers (7) . It is difficult to draw conclusions from the present data because the number of isolates examined was small, but genetically only one type of T. roseum TCN producer was found.
